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NET HEAT OF COMBUSTION OF AN:"'F-28 AVIATION GASOLINES 
, . By R. S. Jessup and, C . S. Cragoe 
SU}.1MARY 
Experimental dita on the h~ats of co ~bus tion and bydro-
gen contents of a number of aviation gas~lines ,have been 
used in deriving a formula for co mputin~ net heat of combus-
tion from (measured) gross heat of combusti ,on. This formula 
appears to be sufficiently reliable fot th~ ' purpose and has 
the advantage of making hydrogen determfnitions unnecessnry . 
The data on heats of combustion are presen ted in tabular 
" form, and in graph s showing the relation between net heat of 
combustion a.nd (1) hydrogen content, (2) :aniline point, (3) 
API grevity, and (4) the product of ' aniline point and API 
gravity. 
Data are gi~en on the change in aniline point with . time ,,: 
and also the chan g e resultin g from the ' ~ddition of xylidine., 
I NTRODUCT1 ON 
The work covered by this report was undertaken at the 
request of the National Advisory Committee for Aeronautics 
in order to determine a reliabJ,e .method of est '~mating the 
net heat of combustion (1) when the g ross heat of combustion 
is known, and (2) when the gross heat of combustion is not 
known . 
MATERIALS INVESTIGATED 
The s amples of gasoline originally investigated in con-
nection with this project included 29 · production samples of 
AN- F-28 aviation gaso~ines submitted by, individual ref ,iners 
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l 
2 NACA TIT Fa . 996 
at the request of th~ Petroleum Administration for War, and 
t wo other samples of experimental fuels which were widely 
used in coopera t i ve tests. Rece~t ~ eas ur 8m ents of heat of 
co e bustion have also been made on 26 other sa mpl e s of 
AE-F - 28 avia. tio n gasolines from various refiners. a nd t h e 
data obtained ?n these fuels are included in th~a re p ort . 
The produ c er~ ~~ the ~aso li nes inv e sti gated , a nd the 
number of sa:.1ples' ''' su.ppl i ed 'b~.r each Cl.re listed 'oelo\\'. 
Fr oduc er 
Ab ercrombie & Ha rriso n Oil Co. 
Atla nti c Refi nin g d~ . 
Gu lf Oil Corporation 
Humb l e Oil & Refinin'g Co. 
La g o Oil and T_arrs~ ort . Lt~. 
.~gnolia P e trol eu~ C~ . 
Ph i-II i !) s Petr 01 a un Co. 
Ric hfi e ld Oil Co . 
Shell Oil Co. 
Socony Va cuum 
S t p, r~ dc. r d: Oi l 
St a nc ::=l. r d Oil 
St a uc:.ard Oil 
S tanc1.a r d. Oil 
St e. n 6..a r d Oil 
Su n' Oil Co . 
Te xa s Co . 
Oil 
Co. 
Co. 
Co . 
Co . 
Co . 
Co. 
of Oa 1 if or'n ia 
of Ind. i a na 
of Lo u i slana 
of :T e VI Jer, se y 
of Oh io 
T i d e w~ t 8 r Associa tion Oi l 
Unio n Oil Co. 
Co ,., - "'n 
\!h ite St a r Refining Co. 
Un s })ecified 
" . 
1 
1 (1 )' 
2 (2 ) 
2 (1 ) 
2 (2 ) 
4 (2 ) 
1 (I) 
, (1.) 
-'- , 
.~ : . (' '\ 4 4 1 
: .. ' ,' . 
" 
, . ' 
4 (3 ) 
, '.' -, ' 2" -: ( 1: ) 
· ·· )2 
4 (3 ) 
2 (2 ) 
, (1 ) 
.l. 
2 (1 ) 
3 (2 ) 
1 (1 ) 
2 (1 ) 
1 (1 ) 
15 (1 ) 
a . Tne numbers in l)a rent heses repr e se n t ga soline s i nclu de d 
in the ori g inal grou:9 of sa r:.:pl e s 1 to 31 , inclusive (t a ble s 1 
and :3) . 
DATA AI;D :nT EODS 0] :2 :';;ST 
The specific gr a vi t y , ~ n d ~i stil la tio ~ da ta on t he 31 
ga sol ine s ori g inally investi gated a r e ~ i v 9 n in t able 1. 
Ta ble 2 gives values of gravity . a n iline :9 o'int, hydr ogen 
co ntent . observed g l'O SS a n d i.let he a t of cO :J:t'u stion for t h ese 
ga s oli ne s, value s of nat heat of co e b u stion ca lcu la t ed fro m 
, 
' J 
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a · 1~e:j.0ti0n (equation(5»;' d.erived fro)!l the results of the 
pr~s~nt ~ork, which expresses net as a function of observed 
iros~ ~.~t of combustion, ~nd values of net heat of combus-
i 'ion calc~lated from the r91~tion between gross and net heat 
of ~ombusti~n given in spe c ification ' A~-F-28, amendment 3. 
Table 3 tive~ values of gravity , aniline point, observed 
gross aid calculate~ net heat of combustion for the 26 
sar.lp l es ,t:·hose hydrogen contents "rere not deterr,lined. "Jach 
value of gross hent of conbustion given in tables a and 3 
is the uean of t~o determinations which usually agreed 
within les~ than 0.05 percent, although in a few cases the 
d i fference was as much as 0 .1 per c ent. 
Th~ jariiline points were determined in accordance with 
A.S.T.II. Method D6ll-44':1 . The carbon and hydrogen contents 
of gasolines 1 to 31 inclusive 'l ere both (eterIilin~d by com-
bustion analysis . ~xcept as noted, the , hyd~o~e~, percent 
by \lJeight .y .. rf).;)ortccl in .. t .a ble 2 is the me,\1rn .. value of percent 
hydrogen ~ s det~f rn ined from water formed in : coubustion , and 
99.8 minuB percent carbon determined fro m CO a , the value 
reported a greeing ~ith these values in gener~l to about 0 .1 
or 0.2 percent hydro gen . (The va.lue 99.8 .,ass1imes 0.2 per -
cent nonhydrocRrbbn present from 4 Dl/gallori . ¢f tetraethyl 
lead.) . . 
. , 
The bomb colo+i~eter ~nd accessory ap~aratus, and the 
method of calculaiin& results on gross heat of combustion 
have been described (reference 1). Two different types of 
thin-~alled g lass bulbs, ~r0viously described (references 2 
and 3), were u sed to inclose the gasoline samples to prevent 
loss by 8VA. :?Or D. tion, so that the Dass of sai".1!)le burned could 
be ~cc u ra tely determined . No . significan~ difference was 
foun~ in the : results obtained with the tvo typ~~ of bulbs. 
The G~oss . he~t r of combustion at constant volume was 6easured 
at about 30° .C. In order to permit comparison of the re§ults 
\dth datf.l, ,on pure.' .hY.9.rocarbon~ , mos 't of-\':h1ch ar.e referred t o 
25 0 C, the v~lues of Q (gross) at 25 0 C, which are given 
. v · . . 
, .ill - table" 2" Vle.re calculatec from the observed values of '30 0 C , 
us~ng thB follo~ing v~lues of spe~ific heats: 
'Gasoline (liquia. ) ','. Cp = 2.1 jig deg C . 
Oxy.gen (gas) . ,: \ 0" ' = . 20.82 j / rnole d·eg C·', 
' .• ,:v l,·J, " 
Carbon cl:ioxide ' (ga. s).. . .Qv ' .=. .• 28.08 j/mole de"g C, 
~Ila: ter ( liClUid ) C . = 75.29 j/mole deg. C 
:p 
. . 
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The amounts of .:e. ter formed in combustion of gaS'olines ~ l to 
31 , inclusive. wer e calculated from the values of (perc~nt H) 
given in tab le 2. For the remaining gasoline.s the values of 
(percent H) used were calculated from a relation between Q 
v 
(gr 0 S s) and (p ere e ntH) de r i ve d fro m e qua t ion s (1) and ( 4.) ~ 
given later . This relation behleen 'tv ( gross) and (p e rcent H) 
and the values of specific he~ts given above, have been used 
to calculate values of the constant A in the relation: 
Q
v 
(gr oss, 25 0 C)::o Q
v 
(gross, to C)+A(t-25) 
The values of A calculated i~ this war are as follows: 
.Q;v . (gr 0 s s ) 
---------
:st,u/-1 b 
_19600 
1 9800 
20000 
20200 
20400 
20600 
A 
-----------
B t u/ (1 b ) (d e g C) 
1.12 
1.21 · 
1.30 
1.38 
1.47 
1. 55 
Ul'T IT OF ;r~.A. T 
. , 
, ' 
. -
Th e calorimeter was calibrated electrically and checked 
at intervals ·:QY· 'Q'urI;\~ng standa·rcl Sa mlJles of benzoic a cid of 
known heat of co mbustion. Thus, the energy ~quivalent, or 
effe ctive heat capacity, of ~he calorimeter, was evaluated 
in t e r ms of inte~national jo~les : (watt-seconds) per deGre e 
centigrade. The te mperature rise ~ 1 ~ the calorimeter was 
measured wi th a platinum resistance thercometer. · The weight 
in a ir of the ias oline burn~d was ' measured in gra ms. The 
observed gros~ heats of conbustion we~e obtained in terms 
of international joules per gram wei ght in air agains t brass 
,.,eigh ts. For conve.tsion to J3tu/lb, use \~as made of the in-
ternational steam table calorie (IT cal) defined as 1 IT 
cal = 1/ 86 0 interna'tipnal \lTatt-hour, and t 'he "relation 1 IT 
ca l/ g = 1.8 Btu/lb." These two rela t ions yield the conve :1 ient 
conversion f a ctor 
5 
Thus, ~he uriit 8i : h~~t ~ti~~d ' ta thts teport is the s ame unit 
use d in , t:l. ll m 6 de r n ' s te a m tab Ie s ; for e xa w p 1 e, r e f ere nee 4 • 
RJJLATIOH EZJT'.T3E r.T GROSS AND ITtJT HEATS OF COHBUSTIOrr 
In order to me e t Specif ication AH.:....F-28 a ge .. soline must 
have a net heat " of co mb ustion of at least 18700 Btu per 
p ound. Amendment 3 of thi s SpeQificatio n requires deter -
mina tion of heat of co mbustion by m~a ns of an "o xygen- bomb 
ca lo~imete rll which yields gross heat of combustion a t con~ 
stant volume Qv (gr os s). In order to obtain values ' of 
net h~at of combustion a t cons~ ant ?ressure Qp (net) 
from the results of bomb-c~ lorimetric measurements , it ~s 
necess~ry to use a conversion r~~ation, . for examp l e , wit~ 
all ~ IS in Btu/lb. ' 
Q.p (n e t) = Qv (t;ross) -91. 23 (p ercen t H') "(1) 
r: ". :,' : . " 
Vn l ues of heats of co mb ustion of ~ur e co ~p ounds are 
u sual l y reported as gr oss heats of combustion at c onst~nt 
'.1;) re8SUre n '-",ro ss ) a t ' 25° C. For cO::l:'Ii.ir 'i 'son v,ith·" the'·' ~p a _ 
data on gas olines, va lua s of Qp (net) for 
we re calculated from the reported valu9s of 
usin g the relati on 
I)Ur e c ompounds 
Qp ( ~~ as s ) 
' Q. (net) · = Q. . (g·ross) p p "93:'. 87 (percent H ) 
where the Q, ' s ;':~;/b " exp,ies s~d in Btu/lb '.' Ti1 ~ num'pr,iCD,l' 
values of the .co,efficicniJjs of (p (;re·"o:nt , H) 'in equa tipns (1) 
and (2) d ,e:p,~nd only on N1.e ).1lo ,lec )~'la~ we'i gh t s of"' "Hz' Hand 
H2 0, an~ on the prop e rtie~ , of i~ter . Using Ha = 2.016 
and H2 0 ' = 1 '8.,0).,6 for mol ,e cul o.r wei'ghts , ancl the , ,value 
1050 •. 4 Btu/lb; (referen ce 4)' f :or the hea t of vap 'orizat ion 
o'f \,;n t G r at 77 0 F ( 2 5 0 C ) ', the rei s ob t a in G'd : " 
l 
6 
18~~~ x 1 050 .4 = 
2.016 
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of hydrogen for the heat of vBporizati on of the wate r formed 
in co mbus tio n . Since the hydroge n content of tlt8 gasolines 
is eXpr 8 GSe d. in pr;rcent by \·rei ght. ·th e' coefficient ·. of ber-
cen t II) in e~ur. t ion (2) be c·o me s 93 .87. 
~'Then O<l (gr.s ) combines at co nsta.nt pressure .. (or con-
stant v olume ) \·, it li s ol·fd oarbon, or \'1ith oarbon in a 50110. 
or liqu id co mpo und , to form CO 2 (gas) there is practically 
no c110.n,-;e in volume (or 1)l"eS3ure). ,':lhen O2 (gas) c omb i ne s 
at constant pre ssur e ~ ith the hydro gen in a solid or liquid 
co mp ound to f or m ' HaO (liquid), there is a decreas e in 
v olume . CI.nd exte r na l v ork (:: pV/ 2 ) , is d one on the s.ystem . 
\'/he re pV is the p ro(luct of the ) ressm"e and the volume of 
the Ma t 9r f or med if it is i n t h e ga seous pha se at the tem-
pernture to ~hic h the reaction is referred. The ext ernal 
'.l or k ci one i n the co 11S tan t '01' C S sur e 1)r OC e s s is include d in 
the haat of the ~eac~ion ~~ con stan~ Vrassure Qp ( gr oss) 
\·,h1 c h is therefore 5reater than 0., v (gross) by t he thermal 
equ 1vn lent ' 6f the ~ ork done pV/2. Using the values at 77 0 F 
given i n ref~rence 4, 
pV/2 : ~ 29.53 Btu/lb of wa ter , , . 
1 8 .016 
------ X 29 . 53 = 
; ~ .. 
264 ?tu/lb of hydr ogen 
2.016 
From t h is it follb ws tha t 
Q.p (gr os s) = o.,v (br os s ) + 2.64 (:s>er ce nt H) (3) 
where the ~'s are expressed in Btu/lb . Combining this 
rel at ion wi th equatio n (2) yields the conversion relation 
(equation (1). EqUat ion (1) was u s ed to calculate the 
"observed" value~ of Q~ (net) r e p orted in table 2 f or 
ga solines 1 to 31 inclusive , fro m the values o f ~v (gross) 
and (percent H) given in the table. Equa~i on (2) wa s used ' 
to c a lculate values of ~p (n et ) frqm valu es of ~p (gross) 
at 2~o C re p orted for pure ~ydrocarbons. 
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CO HPARISO:~ or !~:3T HDATS 0:2 CO:I:BUSTI01: 
A co mparison of data on gas oline s and hydrocarbons is 
shown graph ically in fi g ure 1 . The data on n-pa raffins 
7 
and iso - paraffins \',ere t ake~1 fr om ref3rences 2, 3 , a·net 5. 
The p oint s in f i gure 1 designated ~ 6 re?r~senting data on 
iso-pnraffins ~re for t he 2 , 2- dimethyl isomers only, since 
the d~ta f or the other isome rs a ll lie be t ~een those for 
the 2,2-dimethyl isomers and the correspondin g n-paraffins. 
The da t a on Gr omat ics a nd cyclics ~ere obtaine d from re-
cent unpublished mea sure ments at the National Bureau of 
Standards ~ n d other l ab or ~t ories . The data on p ure hydro-
carbons are betieved to be :10re accura te than the data On 
gasolinAs . The straight line in figure 1 represents a 
reEl.s ona ble mean rel :? tion betwee n net heat of combustion and 
per c en t hydr o g en. A sioila r reln tio n was pointed out by 
J ones ::tn'c1. Starr (r efere nce 6 ) ,·,ho re:£)orted. m~asured values 
f or ~ ( gr oss) an d (percent 5) o n 19 ~as oli nes . Their 
v 
results were converted to Qp (net ) by means of re l ati o n 
(I), aud the va lue s obtained a re pl otted in figure 1. 
CALCULAT IO iJ OF If8 T FROi·; GROSS :I::ilAT OF CO~'BUST ION 
As s hown in fi gure 1, the data on gasolines 1 to 31, 
i nclusi ve , a re in g oo d fl ccord with the data on pure hydro-
c a rbons, and bo t h sets of data i~dic at e e fair l y reliable 
l ineo.r relation oet'loeu Q. (net) in Btu/l b at '77 0 F and . 
(per c en t H) , nauely: p . 
Q.p (n e t) = 1 53 6 5 + 234 (p c r c e ntH ) 
for gasolines co mposed ossentia ll y of hydr ocarbons . Com-
bin in B this equation with the conv~~si~n relation for 77° F, 
~re viously g iven 
Q,p (not) = " . (.'!:ross) - 91 . 23 ("p er c en t E) ~v 'J - (1 ) 
gives 
(ne t ) = 431 0 + O. 71 95 Q, ( gr 0 s s ) v . (5 ) 
I 
J 
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which supplies a convenient method of obtaining Qp 
fr om a me asurec1. value of Q.
v 
(gross) . 
(ne t ) 
It may be n o ted fr om table 2 that values of Qp (net) 
calculated f r om e quation (5) for the Gaso l ines 1 to 31 
inclusive differ from the obse rved values -oy amounts ranging 
up ~o 0 . 2 . p e ~cent , the averaee difference be in g a little 
l ess than 0.1 percon t . Tho values of Qp (net) g i ven in 
tabla 3 for gas olinos 32 to 57, inc lusive , were calculated 
fr om equat io n (5 ), since hydrogon cont en ts \'1er8 not deter-
mined for those ga solines . Tho values of n o t heat of 'co m-
bustion g i ven . in the last column of tables 2 and 3 were 
c&.lculated fro m t he eqv.at ion g ivon in Spe cifi cation AH- F-28 
(amendmen t 3) ; name ly , net Btu/lb = 4525 + 0.7070 x gr oss 
Btu/lb. 
REU T IO NS BET1/'lEEU NET HEAT OF CON] UST ION , 
API GRAVITY A ND ANILI NE POINT 
Tho va lues g i yen in t ab l e 2 for Q (net ) c a lculated p 
from equation (1) , and va lue s given in table 3 for Q. p (net) 
calculated frO ll equation ( 5 ) are plotted in figures 2, 3 , 
and 4 , which indicato appr oximate linea r relations betwoen 
not hJat of co mbustion and aniline point , API grav ity , and 
tho' produc t of aniline po i nt and API grav ity , respective l y . 
It is obvious f r om the figures that API g ravity is' not so 
good n cr i terion for n o t heat of combust ion as oither 
aniline point , or the produc t of aniline point and API 
gravity . 
The stra i g ht lines in figures 2 and 4 are r epresented 
by the following equations which wore derived by the meth od 
of lea s t squares : 
Q
p 
(n e t) = 17727.7 + ~ . 494 ~nPt) ( 6) 
Q,p (net) -, 179 92 . 0 + 0 .0 9839 (AnPt-Gr) (7) 
where Q~ (net) is t he net heat of combusti on at constant 
pr6ssure-in Btu/lb a nd (A nPt) aud (AnPt-Gr) 2re aniline 
, 
• 
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point in dG-"g"re:es Fahrenheit , and the product of aniline p oint 
in de groes Fahrenheit and g ravity in degrees API , respe6tlvely . 
The standard deviations of th e measured hoats of combustion 
from v~lues calculatod from oquations (6) and (7) are 24 . 4 
and 23.8 Btu/lb , respectively . The respective correlation 
cocfficion trs are 0 . 965 7 and 0 . 9644. Thus there is little 
reason to choo se between the two criteria in the case of 
the dat~ under discussion . However, as the gravities are 
not ordi~arily det n r mined as procisely as in tho present 
dnta , ana as added e r ror in th i s determination will increase 
the orror of t ho ostinated hoat of combustion , it appears 
that tho aniline point is a somewhat more roliable crit e rion 
of the not "h oat of combustion . 
Accordi~g to oquntion ( 6 ) an aniline point of 114.5 0 F 
corresponls to a net heat of cODbustion Qp of 18700 Btu/lb . 
Hewever , as is evident fron figure 2 tho actual heats of 
c ombust ion do not follow this relation exactly. I f it is 
desired that thore shall be only 1 chance in 10 of the net 
hont of co~bustion being below 18700, thon tho minimum 
aniline point must bo set at 1190 F; for 1 chanc e in 100 
tho aniline point must bo set at 122 0 F . According to equa-
tion (7) an aniline - grav ity ,roduct of 7200 corresponds to 
"3. ";n o t hon.t of CODQustion QI' of 1870"0 ,Btu/lb. and the values 
7596 nnd 7821 fo r the product corres pond to 1 chanqe in 10 , " 
and 1 chnnco in 100, respectively, thnt the not heat of COD-
bustion will be belo w 18700 Btu/lb . 
A ! cb~ngc of 50 Btu/lb in tll0 min i suTJ "e:o cepto..blo net 
hea.t, o"f conbustion r !:lqu ir e s c. corros,pon"d ing clVp~go of, 5 . 89 
d~grcGs F~hronhc it in the n ini num anilino point , or n chango 
o-f -- 508 in the 0.l1ilino- gravity product. " 
Ve,l,ues of Q,p 
integral values of 
g iven in table 5. 
(net) calculate~ frOD ~quation (6) for 
aniline point fr6c 90° ~o "149 0 Fare 
Values of Q,p (net) calculated from 
equ;dio n (7) for inte gral values of the aniline-gravity 
product in the ran ge 5000 to 10400 a re given in table 6 . 
, " 
10 
Of some 
Hater i al 
(a) Pb(C 2 H5 ) 4 
(b) C 2H4:5! 2 
. }ITA CA TN No. 996 
EFl'ECT OF lJONHYDROCARBONS OU rET HEAT 
OF CO 1m U S T ION 
inter o st are the following a~proxiDato values: 
Q.p ( gr os s ) 
k ca 1/ IT. 0 Ie 
a1487 
~~~.:~2 
Btu/lb 
7950 
2500 
Donsity 
g / ml 
1. 659 at 1 80 
2.178 at 20° 
Ethyl fluid b 5890 1. 85 
X;y 1 i eli no 1108 15590 
aValu o s supplied. by Ethyl Corporation 
l~ Ass U J:l 0 d t 0 con sis t 0 f 62 ]J eT C en t (a) a 11 d 3 8 per c e n t (b) 
by \-TO i gh t . 
Using tho ralu o 0.72 i /nl for tho donsity pf gasolino, and 
tho values of donsity and h~at of c o~bus tion g iven above 
for Pb(C 2 H 5 )4 , C zH4Br 2 , and ethyl fluid, it has beon cal-
C 
C 
c u l ated that the addi ti pn of tho amount of . e thyl fluid equiva-
lent t o 4 . 6 milliliters of Pb(C 2 H5 )4 per gallon of mixture, 
lowers tho not heat of co mbust ion ~f gas olino at constant 
pressure by 0.31 percent , and that the addition of xylidino 
10\10r5 tho net heat of Ce nl:\) lstion by 0.17 percent for each 
1 }D r c,) n t by '''0 i gh t of xyl'id in0 addo d. · . 
:EJFFl!iCT OF T IHE AND OF THE ADD IT I Ol~ 
OF XYLIDINE 01 ANILINE POI ilTS 
Aft e r tho aniline points reported in table 2 had boen 
Deasurcd , tho National Bureau of St andards was requested to 
determine the effect on aniline point of the addition of 
• 
., 
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xylidino to aviation fuels. As abou t 6 weeks had elapsed 
s ince the original detorminations of ani lin e points, new 
moasurements wore mado on samples of a number of the fuels . 
Most of tho values obtainod wo re found to differ from the 
original values , as shown by the data given in the third 
column of table 4 . Tho changes in aniline point in the 
6- week 'pcriod ranged from +0. 4 0 to _1.1 ° F, tho average 
c hange being -0.36° F . One p ercent xylidine was thon 
addod to oach of tho samplos , after which new mea~uremonts 
of anilino points wero made. Tho effect of tho addition of 
1 porcent xylldino , as shown by the data in the fifth column 
of tab l e 4 , was a cha ngo in aniline point by amounts ranging 
from -0 . 90 to -1. 6 0 F , the avorage chango being -1.19 0 F . 
Ten weeks after the orig inal measurements of aniline 
points , now measurements were made on samplos of fuels 4 
and 7 , to which no xylidine hadboen added previously. 
Three percent of xylidine was then added to oach of these 
sl'l.f!1plGs , and tho mensur,oments of aniline points \"ere re- , 
pea~od. The result,S of 'these measurement's, iiven in the 
fourth and sixth co l umns of tible 4 , show th~t the changes 
in aniline point for fuels 4 and 7 in a ~eriod of 10 weeks 
\1}'ore -0.6 0 and 1.2° F , respectively , and That the addition 
of 3 percent xyl idine r ~su1t e~ ' in chcinges 'df _ 40 and - 3 .1 0 F, 
respectively , for those two fuel~. No investigation was 
made ~o determine who~hei the changes in aniline point with 
time were due to evaporat ion loss or to other caUses . 
corrCLUDING REKI\.RKS 
Values obtained for tho not , hoats of ' combustio~ of 31 
avintion gasol ines, and vo l ues reported in the literaturo 
for pure hydro cnrbons nro reasonably well represented as a 
function of hydrogen conten~ by menns of tho linear equation 
Q. (n e t):: 15365 + 234 (percent H) Btu/l b p 
When this equution is combined with tho relation connecting 
gro ss and not hont of cOflbustion and hydrogon content, there 
is obtained tho relation 
Q.p ( n 0 t) :: 43 10 + 0.7195 Q.v (gr 0 s s) ] t u/ l b 
l 
12 NA CA TN No . 99 6 
which can be usnd to calcula to not fron ~easured gross 
hent of co~bustion when tho hyd ro gen centent is not known . 
V~1~o s obtninod for the net hea t of co~bustion of 5 7 
aviation gaso li ncs wore f ound to be n linea r function of 
o it h0.r tho ~n i lino point or the anil i ne poin t-grav it y 
product . Those linear functi o ns arc shown grap h ically 
nnd by noans of tabl es . 
Nat i onnl Bur eau of S tanda r ds , 
Vbshington , D . C., Hay 14 , 1 945 . 
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Table 1. Specific Gravity and Distillation 
Data on 31 Gaso11nes 
Distillation, of at 
Fuel ~. Gr. % evaporated End ~ss No. /60 oF 10 40 50 90 POint 
.. 
1 .7209 139 1iS6 200 262 316 1. 1 
2 
.7135 143 190 205 263 32~ 1.1 • 
3 .7199 13iS 170 183 269 333 1.1 
4 .7104 149 194 205 245 351 1.0 
5 .7177 138 194 211 268 350 1.3 
6 .7369 1~3 202 219 2g4 343 0.9 
7 .7363 142 19~ 211 281 338 1.2 
8 .709~ 140 167 178 271 33~ 1.3 
9 .7203 142 178 190 275 343 1.2 
10 . 7157 143 liS2 195 263 333 1.2 
11 .7167 142 171 192 2iS6 33g 0.9 
12 .7114 136 170 1iS4 276 343 1.0 
13 .7177 140 17g 192 279 329 1.0 
14 .726g 151 202 213 2g0 33g 1.1 
15 . 7214 137 197 207 274 330 1.2 
16 .7265 133 190 210 283 336 1.3 
17 .7249 148 201 212 274 343 1.1 
18 .7099 142 193 211 264 353 1.1 
19 .722~ 1~5 201 217 2iSg 356 1.2 
20 .72g5 141 202 220 2iS7 348 0.9 
21 .7213 139 192 20g 2g7 34g 1.2 
22 
.7244 142 190 206 2g3 345 1.1 
23 .7253 136 lSS 20g 2S2 33~ o.g 
2~ .7271 147 203 221 284 33~ 1.1 
25 .7221 14<> 200 215 2g4 340 1.2 
26 .7226 132 190 197 2iS3 351 1.1 
• 27 .7321 13g 198 207 289 340 1.0 
2g .723~ 142 1iSO 196 282 333 1.1 
29 .7299 149 204 21g 259 307 1.2 
30 .7079 1~1 178 189 253 29iS 1.0 
31 .7416 142 207 225 289 3~6 1.0 
14 NACA TN No. 996 
Fuel 
Table 2. Gravi ty , Anillne Polnt, Hydrogen Content, 
and Heat of Combustion of 31 Gsso1ines 
Gravity Aniline Aniline Hydro- Heat of Combustion 
No. Point Gravity gen Ob ser ved Calculated 
NetC Netd Produc t Content Gross Netb 
°AP! of ° Fx°API % Btu/1b Btu/1b Btu/1b Btu/1b 
1 64.8 121.~ 7860 14.8 20121 18771 U~787 Unal 
;:> 66.8 136• 9112 1~. :2 20250 18863 18880 188 2 
"7 65.1 123.8 8059 1 .~ 20152 18802 18804 18772 4- 67 . 7 146.5 9918 15 .• 7 2039~ 18963 1898 1894-4 g 65.7 135. 0 8870 1a· 1 2025 18876 18883 18845 60. 5 122.8 7429 1 .7 20077 1~l:66 18~55 18~19 
7 60 .7 108·3 6574 14.3 19913 1·8 8 18 37 18 03 
8 68.0 131. 5 fS942 14.9 20247 18888 18878 lU4b 
9 65.0 127.2 8268 14.9 a 20141 18832 18837 l1S800 10 66.2 132 .~ 8791 1~. 2 202 1 188~lt H~873 18835 
11 65.~ 126. 1 8310 1 .8 20191 188 1 188~7 18000 12 6~. 1~0.6 8802 1~.0 20196 18829 188 2 18804 i~ 6 .7 1 7.0 834lt 1 . 9 2017 18811 18822 18785 6~.2 132. 3 8361 14.7 20141 18850 18837 18800 15 6 .6 120.0 7752 14.6 200 9 18714- 18735 18700 
16 63.3 115.2 7292 14. 2 a 19999 1870 18699 18664-
17 63.~ 127.8 81~ 14.7 20171 188~0 18823 18786 18 67.8 142 . ~ 96 15.5 20355 189 1 18955 18916 
19 64-.4 127. 8205 12. 0 20171 18803 18823 18786 20 62.7 119.7 7505 1 .3 200a3 18788 18764 18731 21 64.7 127.2 8230 14.6 201 5 18813 1880 18768 
22 63. 8 119·3 7611 14.5 20052 18724 18737 18702 
~~ 63. 6 11f't t~t5 14.~ 199~i 1867 18698 1866~ 6~.1 12 • 14. 200 187°4 18729 1~69 25 6 .5 120.9 7798 14.7 20135 1879 18797 18760 
26 64.3 120. 9 7774 14.5 20083 18~60 18760 18724-
27 61.~ 113. 0 6983 14.5 19999 18 64 18699 18664-28 64-.1 127.0 8141 14.6 20096 1876 18769 18733 
29 62.4 118. 2 ~~~~ 14.8 20058 18~08 18~42 18706 30 68.4 139· 3 1a· 3 20316 18 20 18 27 18888 31 59. 3 102. 9 6102 1 .0 19835 U~558 18581 18548 
a Values of hydrogen content de termi ned from weight of water formed 
on combustion. The sum of carbon and hydrogen percentages wer e 
98.9 and 98.7 for samples 9 and 16, respectively, whereas 99. 7 wa s 
the B.verage for the other sa.mn1es. 
b Qp(net) calculated from equation (1 ) 
c Qp (net} calculated from equation (5) 
d Net heat of combustion calculated from the equat10n g1ven 1n 
Speclfication AN-F-28 , Amendment-3, namely 
Net Btu/lb = 4525 + 0. 7070 x Gross Btu/1b 
... 
• 
• 
• 
• 
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Table 3. Gravity, An1l1ne Po1nt and Heat of 
Combustion of 26 Gaso11nes 
15 
I 1 Heat of Combustion Fuel Gravity Ani ine Anl1ine- Observed Calculated Ca1c~lated 
No. Point Gravity Gross Net a Ne t 
Product 
oAFI of °Fx°API Btu/l b Bt u/lb Btu/lb 
32 62.4- 111.9 7016 199~6 19690 1~65 5 
5~ 63. 116.1 7361 1994-4- lS660 lS625 63. 6 109.9 6990 19990 1e693 19658 
3g 66.0 125.9 5~07 20162 lSg17 19750 ~~:~ 118.0 2002~ 18t 20 18634-~7 120.4 t7~6 2008 18 62 13726 
35 63.9 120.7 171a 2004-9 Ig735 Ig700 
~ ~j:* 100.4- 601 19S43 19597 19554 121.8 ~~~ 20067 18748 18712 41 65.9 131. 2 2013~ 13332 18794 
42 6f09 116.2 ~425 2005 13~69 18~O~ ~ 6 .3 109.~ 730 19954- 18 7 18 "5 66.2 126.5 8374- 20154 18g15 13~77 ~t 63. 2 113·5 7173 2001 13710 18 75 65.1 127. 2 3231 2017.3 18328 13191 
47 61.3 111.2 6317 19960 18671 13637 
48 62.1 109.9 6325 199~6 18654- 13620 
49 b1. '2 110.1 67~g 199 9 19663 18629 
50 60. 6 105 . 1 63 9 19912 13637 19603 
51 64.4 122.2 7906 20085 13761 18725 52 61. 103.1 6637 19933 18652 Ig61g 
§~ 6~.0 111.9 ~050 199~6 18636 1364g 6 .5 110.8 925 199 4 Ig67 196~ 
§g 62.7 111.4 6435 1996 18674 186 61.1 106.0 6 77 19980 18685 13651 
57 60.9 101.1 6157 1985g 19597 13565 
a ~(net) calculated from equat10n (5) 
b Net heat of combust1on calculated from the equation given 
in Specificat10n AN-F-2g, Amendment 3, namely 
Net Btu/1b = 4525 + 0.7070 Gross Btu/lb 
• 
• 
16 
Fuel 
2 
"l: 
~ 
g 
7 
S 
9 
10 
12 
i~ 
15 
16 
17 
19 
20 
21 
22 
~4 
25 
26 
27 
2S 
29 
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Table~. Effect of Time and of the A~~ition Qf Xylld lne 
on the Aniline Points of Gasollnes 
Initial 
Aniline Chan~e with time, deg.F' Cha nge with Addition 
No. Point, of of Xyli dlne de g .F 
6 weeks 10 week s 1 nercent ~ nercent 
136.~ 0.0 -1. ~ 
1 23.8 . 0 - 0 . ./ 
lll6.5 - .2 -0.6 -1. 6 -~. 
135.0 - II -l.ll · . 1?2.S + 
· 
11 
-
0 
. ./ 
108.3 - .7 -1. 2 a -3. 1 
131.5 - .9 =1: 1!-
127 •. 2 -1.1 
-1. ~ 
132.8 - • 2 -1. . 
130• 6 + . 2 -1. '3 
127.0 - .5 -1.1 
132.3 - :a -1.1 120.0 
- -1.1 
115.2 -1.1 -1.1 
127.8 - .2 -1. ~ 
127.~ - .2 -l.lL 
119.7 - .5 -1 . 1 
127~ 2 - • 2 , -1.1 
119.3 .0 -1.1 
115.9 - .4 - q 
121. 6 .0 -1: 4 
120.9 - .4 
-1. ~ 120.9 -1.1 -1. 
113·0 .0 -1 . 1 
127.0 - .5 - .9 
11S.2 - .5 -1.1 
Average change 
- .36 -.90 -1.19 - 3. 6 
• 
• 
• 
, 
• 
• 
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Table 5. Values of ~(net) for Various Values 
of the Anil~ne Point a 
Aniline ~(net) Aniline ~(net) Aniline 
Point Point Point 
of Btu/lb OF Btu/lb of 
90 19492 110 19662 130 
91 18501 III 18671 131 
92 18509 112 ls679 132 
93 18518 113 18688 133 
94- 19526 114- 18696 134-
95 18535 115 113705 135 
96 18543 116 18713 . 136 
97 18552 117 18721 137 
913 18560 118 18730 13g 
99 18569 119 . 19738 139 
100 18577 120 19747 140 
101 Ig586 121 Ig755 141 
102 18594 122 18764 142 
103 18603 123 19772 143 
104 18611 124 Ig731 144 
105 18620 125 187S9 145 
106 1862g 126 Ig79g 146 
107 18637 127 19806 147 
108 18645 128 18815 148 
109 19654 129 19923 149 
a Calculated from the equation 
17 
~(net) 
Btu/lb 
19932 
18840 
19949 
18857 
18366 
181374-
18883 
113891 
18900 
1890g 
H~917 
19925 
19934 
18942 
Ig951 
13959 
1139613 
19976 
18985 
19993 
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Table 6. Values of Qp(net ) fo r var10us values of the 
aniline point-gravi ty product a 
Aniline ~(net) Aniline ~ ( net) Aniline ~(net) 
Point- Point- Point-
Gravity Grav1ty Gravity 
Product Product Product 
oFxoAPI Btu/lb oFxoAP! Btu/lb oFxoAPI Btu/lb 
5000 Ig4g4- 7000 19691 9000 1997g 
51bO 19494- 7100 19691 9100 19997 
5200 Ig504 7200 19700 9200 Igg97 
5300 15513 7300 19710 9300 Ig907 
5400 15523 7400 19720 94D0 Ig917 
5500 19533 7500 Ig730 9500 19927 
5600 19543 7600 1574D 9600 15937 
5700 19553 7700 19750 9700 19946 
5g00 I g563 7500 15759 9500 15956 
5900 15573 7900 15769 9900 19966 
6000 19552 gooo I g779 10000 19976 
6100 19592 5100 157g9 10100 19996 
6200 19602 5200 15799 10200 19996 
6300 19612 g300 Igg09 10300 19005 
6400 19622 g400 1551g 10400 19015 
6500 Ig632 5500 1992g 
6600 1964-1 g600 l 5g35 
6700 Ig651 g700 1994g 
6g00 Ig661 ggOO 1995g 
6900 15671 S900 Igg6g 
a CBlculated from the equa t ion ~(net) - 17992.0 + 0.09g39 
(AnPt-Gr) 
.. 
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